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154, Improved nucleic »crd reagents and methods for their prcp.retion 
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sufficiently homologous to sequences inTh^nl. ^"«:"^''"9 acid fragments, which are 

belonging to differe^nt serieJ^^u^t-^ot betm^^toVs^^.o' rac'Tofhe"''^'- '^"'^'^'^ ^^'^ 
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rj^^^-s - ^^^^^^^ 

No. 4 302 2041 rTr r . " ■ '*'5'»3,535), ribosomal RNA anH ^jf ""^feic acids from 

Virol. W4 °9s\s L ''k ^'^''^ ^'"e^ent virusTs St^lirHcr^"^"^^^ ^^^^ (US-Patent 

stranT. t K ! ""^"^ carrier. In this case fh. H u ' 'dent.fymg nucleic acid 60 

'o exa' ^ ^^^^^^^^ hybridize to the nucleic^^^^^^ tl.T'''' ''T "^^'^'^ acid ^ 

the rJa^rnn " I" ^^^eral points de '^^^^^ the solid carrier 

65 th! ^^^^^^.s ^inal stage, a situation ^^e degree of reaction. 
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f'S- }' hybridize. At this time the distance of the vector-derived nucleic acid Dart<: fror^ th» 
f o'^nli'^K ''"'"M!) d C^ig. 1). and the hybrid Ts more stable th^nTe hybrid " 

o med by one reagent pair (prior art) shown in Fig. 2, this hybrid being of the same stze as the " 
Ota! area of the array of niicleic acid fragments. The vector-derived parts of a hyb^d farmed ■ 
5 frorn one reagent pair are easily broken by, for example, mechanical strain/ such arshakTnq In 
such a case the label already bound to the hybrid escapes. snaKing. in 

Since the improved nucleic acid reagents according to the invention are mo^e sensitive than 
previously used nucleic acid reagents, they are suitable for demonstrating chromosomal 

L®.3rrangements and he^^^^ diseases. " 

10 Our invention relates to nucleic acid reagents comprising an array of nucleic acid fraqments 
their combinations, their preparation, and their use for the detection of nucleic acids in 
hybridization methods. 

The characteristics of the invention are shown in the distinguishing features of the claims and 
the invention is described in greater detail in the following description and in the acompanv'ina 
1 5 drawings, in which era 
Figure 1 shows an array of sandwich hybrids. 
Figure 2 depicts a sandwich hybrid of the prior art, 

F/gure 5 shows the sites of two alternating series of nucleic acid fragments in a nucleic acid 
which has been selected for the preparation of an array of nucleic acid reagents according to the 
zu invention, ^ 

Figure 4 shows the corresponding sites of three alternating series of arrays of nucleic acid 
iragments, 

. ^'f"^®,f shows an array of nucleic acid fragments according to Fig. 3 separate (a), joined 
together (b) and both separate and joined together (c), 
25 Figure 6 shows an array of sandwich hybrids. 2c 
us^?"^^ ^" ^"^^ °' sandwich hybrids which is formed when separate fragments are 

us^?"^^ ^" ^''^^ °* sandwich hybrid which is formed when joined b-fragments are 

30 Figure 6c shows an array of sandwich hybrids which is formed when bothseparate and joined 30 
D-Tragments are used. * 

Figure 7 shows an array of nucleic acid reagents which identify different nucleic acids 
r»=SfT j;^^ ^" array of sandwich hybrids which are formed when the array of nucleic acid 
reagents according to Fig. 7. identifying different nucleic acids, are used 
35 Figure 9 shows an array of hybrids formed by a direct hybridization method r,. 

F/gure 70 shows the recombinant plasmid pKTH 1220, 

Figure 1 1 shows an array of sandwich hybrids which is formed when an array of nucleic acid 
fragments prepared from the recombinant plasmid pKTH 1 220 are used 
Figure 7 2 shows the recombinant plasmid pKTH1271 

frfJi'LZ T °' sandwich hybrids which \s formed when arrays of nucleic acid 40 

fragments prepared from the recombinant plasmid pKTHI 271 are used 



Our invention relates to riucleic acid reagents composed of an array of nucleic acid fragments 
These arrays of nucleic acid reagents comprise at least two. but preferably several, alternatinq ' 
4-5 suflSL^,?'! "'^ K '';^?ments, which are derived from one or several nucleic acids 

45 sufficiently homologous to the nucleic acid which is to be identified. Thereby there are obtained 45 
at least two series of alternating arrays of nucleic acid fragments, which must not be 
homologous to one another. 

frJ^^u"^^^ °\ 3^'^ reagents can be prepared synthetically. In this case the fragments 

c;n I t 1 two alternating series of arrays of nucleic acid fragments, must not be homologous to 

VL -A But they must be sufficiently homologous to alternating sites in the nucleic acids to 50 

be Identified. These fragments can easily be prepared by fully automatic machines after 
characterization of the nucleic acid sequence of the nucleic acid to be identified 
P rhe nucleic acid reagents according to the invention are composed of separate, or joined or 
j both separate and joined array of nucleic acid fragments. 
.J^H arrays of nucleic acid fragments may be joined to a vector, contain parts of vectors, or be 55 
totally devoid of vector parts. 

The nucleic acid fragments used have a minimum length of 1 5 nucleotides. There is no actual 
upper limit for length, but it is advantageous to use fragments having a length of 20-5000 
nucleotides. The nucleic acid fragments according to the invention are derived either from the 
60 genome to be identified or from one part of the genome, for example from a relatively larqe 60 
I clone representing a certain part of the genome. The arrays of nucleic acid fragments according 
to the invention can thus be prepared from several independent genome areas which are not 
directly adjacent. The arrays of nucleic acid fragments thus prepared are combined and used for 
I the same reagent. The arrays of nucleic acid fragments can also be isolated from a DNA which 
65 IS not identical to the nucleic acid to be identified but sufficiently homologous, so that a stable 65 
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nucleic acd fragments from the genome There srT^^^i u?"^"^ '° °f suitable ■ 

prepare such arrays of fragmerits The man sk Ld in thp'i'^ """"^ ^''"""^ '"^'hods to 

5 fragments by synthetic or semisynthetic methods ^ ''''''''' ""^^^-^^ "^^'eic ac^ ' 

The reagents are isolated in such a wav that at i»=,ct . • . 5 

fragments, a„ a,, a,, etc.. and b. b, I Vtc a'e ok/- -^''t*^" alternating nucleic acid ^ 
belonging to the series a„ a,, a 'etc are co^no.^n "''^'^"^ ^'^'^ fragments 

adjacent to one another. The nucleic ac d fraompn. °^^^^9^"«"^^ ^'tuated close to but not 

1 0 also composed of nucleic acid fragments s Jl^^do^^^^ '° '''''' '^^ are 

nucleic acd fragments belonging to the ser es a J ! . ' adjacent to one another. The l o 
b„ b,. b3. etc. must not be homologous to each other ^'ti '' ^"^r^belonging to the series 
belonging to the series a„ a,, a, etc and thnco k i ^ Preferable that the nucleic acids 
isolated in such a way that everv trr^l^ t belonging to the series b„ b,. b^ etc are 

15 the b-series. as shown' Jn' Rgl^J^rRg^V "a'T^a'and'b V't -J'ev^er^^^eco^d to 

fragments sufficiently homologous to the nucleic ariH ?? k " -^' ^"^"^^ °' a^'d , 5 

r;rrshort7irr.f.^^ 
20 ^t-u^d^g'^:^ ~ - 

such as. for exampl^'^n al/feJi °which1' fsT^eparatrf '^"^ ^" """^ °^ -terr^'edt^ie'forms 
25 SYn ?rg^ ?c"^ ^ "^^^^^^^^ 3s 

^h" -"^-^^ '^Vbr.ds 

which the labeled array of nucleic acid frjqments are inio^/ ^- ^^^^T^ ^'^^Y of hybrids m 
which an array of sandwich hybrids is forr^^d ?ro^ L'tH 'T'^I'' '^'9- depicts a case in 
30 nucleic acid fragments. In Fig 6. x represTnfs the nurS ' ^"^w ^"u ^^^^'^'^ '^'^^'^'^ ^^^^V' 
represent the labeled probe, Ind a a and 1 !l ^"^'^ ^° identified: b,. b,. and b, 

to a solid carrier. " ^"'^ represent arrays of nucleic acid fragments affixed 

^ waXlVlSet^d^nTd^ra'^^^^^^^^^^^ i^otai^neT" ' '^'^^'^^ ^ ^ 

35 which belong to the a-series can be aMix^d^^Ts^^ij-^,;'^^ ^ "''^^ ""'^'^''^ ^"S*^"'- 

reagent A bound to a solid carrier Is obtain^ri 1, . ^'"'^ ^ ^'^^^ ^ nucleic acid 

labeled nucleic acid reagentXand a cor espondinal^^^^^^^ alternatively possible to prepare a 
carrier. i-orresponding nucleic acid reagent B bound to a solid 

40 can be p"repa^ed^fo? s^eTe%^ Srent°nuc?e'if tinf,^!^^ respectively affixed to a solid earner 

suitable nucleic acid reagent combina"ior^s whlh I ^ '^^"t'fied. They can be combined into 40 
pairs A, and B,. A, and B,. A, a"d B, e^c or B an'd A H°i '"'J'''"' ^'^'^ '"9^"' 

containing arrays of nucleic acid fraqmems whirh tnf^ ^^f""* Reagents 
combined so that a probe A -A 2 fc oh, ^ 'dentify different nucleic acids can also be 

45 nucleic acid fragments (a, -a -a ) -Is ^'^'^h. for example, comprises an array of 

and 83. are arrays of nucleic acid fragments A whrrh^'H'^'; !^ '^T" '"'^^ ^' ^^'^^ ^- - 5 

arrays of nucleic acid fragments A wMch iH^ot^ 1^"^'^ ^^'^ a"d a,, are 

nucleic acid fragments AfwhS fdCtiff nSc IJ/d ''^ w"^-^'' ^"^^^ °' 

part. Joined arrays of nucleic acid f rani . 1 ^"'^ ""^ ^ vector-derived nucleic acid 

50 as suitable mixtures. fragments can, of course, also be used as separate fragments. 

The arrays of sandwich hybrids accordinn o ■ 50 

in Fig. 7. If simultaneous identiffca.ion o ?J« ,^J, fc "'^'^'"^d by using the reagents shown 
course. neci^sTrVlSirse^is-S^.^V^ desired, it is. of 

^ idi7rtif7iHrtfrenra<Sr?/^^^^^ 

55 solid carrier identifying the nucleic acid f ' ^ "^^'^^ 'dent.fying the nucleic acid y. and Fig. 8c a 

nucleic acid fragment? affixed to a solid carHe and H ^^^^^ ^c. b.. and b,. are arrays of 5 5 

arrays of nucleic acid fraqments afffyJd ,^ I ,!i identifying the nucleic acid x; b„ and b,. are 
b„ and b„ are arrays of ?Sc a^i^ fraomL? '"'."'r^ ""^ identifying the nucleic acid y: and 
nucleic acid z; and x, y and z areThe mfr^V affixed to a solid carrier and identifying the 

60 respective solid carriers o? filters A A A i 1° "^V-df^^'^ed. F.. F, and F. are the 

simultaneously, if separate solid carVie/s Tr'e used >dentifies all the three nucleic acids 60 

prepared bTrecombinanToNA t^e'^chnique'^Tnown^n '^^^^^ ^"'^ ''"gent combinations can be 
different lengths are generated, by usrg resSon .?^- ^ "T*"^' """'f'" ""''^ '^agments of 
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known, it is possible to select fr<5rn the genome the suitable adjacent fragments, generated by 

using restriction enzymes, and the fragments are isolated and amplified by using recombinant ~~' 

DNA techniques. 

When an unknown genome is Involved, an intermediate stage can be used in the preparation ' 
5 of the reagents, in such a way that a relatively large restriction fragment is cloned, this fragment 5 
is mapped, and the arrays of nucleic acid fragments sieries a,, a^, 83, etc., and b,, bj, bj etc., are ' 
produced on the basis of the information thus obtained. 

It is, of course, possible to use combinations of the above methods and to use several large 
separate cloned restriction fragments as starting material, and to prepare several separate series, 
10 which are combined to form suitable combinations. 10 
It is advantageous to prepare the nucleic acid fragment series a,, a2, a^. etc., and b,, bj, bj, 
etc., according to the invention by using recombinant-DNA techniques in such a way that the 
series a is cloned into one vector, for example into the plasmid pBR322, and whereas the series 
b is cloned into another suitable vector, which does not have sequences in common with the 
1 5 previous vector. The bacteriophase Ml 3 is an example of such a second advantageous vector. 1 5 
The fragments belonging to the series a can be joined to one another, and the joined series can 
be cloned into one vector. For example, a^-a^, joined together, can be cloned as a continuous 
insert into the same pBR322 vector. In a corresponding manner it is possible to prepare a 
reagent series b,-b2. In the cloning it is preferred to use vectors to which very large inserts of 
20 foreign DNA can be joined. For example, lambdaphage and cosmid vectors are suitable for this 20 
purpose. 

Thus, two reagent pairs comprising arrays of nucleic acid fragments are needed in the 
sandwich hybridization method according to the invention, a reagent labeled with the label 
substance to be identified, i.e. a probe, and a so-called filter reagent affixed to a solid carrier. 

25 Most commonly, radioactive isotopes are used for labeling the probes. For example in the 25 
British Patent Publication No. 2,034,323, the US-Patents Nos 4,358,535 and 4,302,204 the 
following isotopes are used: ^^P, '"I, '^M and ^H. In the European Patent Publication No. 
79,139, the isotope ^^^1 is used. Nucleic acid probes have also been modified in different ways 
and labeled with, e.g. fluorescent labels (French Patent Publication No. 2.518,755). Also 

30 enzymatic or enzymatically measureable labels are used (the British Patent Publication No. 30 
• 2,019,408, the European Patent Publication No. 63,879 and the French Patent Publication No. 
2,519,005). The European Patent Publications Nos 70,685 and 70,687 describe a light- 
emitting label and labeling method, and the French Patent Publication No. 2,518,755 describes 
an immunologically measurable label. The lanthanide chelates described in US-Patent No. 

35 4,374,120, especially europium, can be used as label substances. Also the biotin-avidin label 3 5 
substance described by Leary et al. (PNAS 80, 4045-4049, 1983) is suitable as a label. A few 
examples of labels which can be used for the labeling of nucleic acid reagents according to the 
invention are mentioned above, but it is evident that there will be developed new, improved 
label substances which are also suitable for the labeling of arrays of nucleic acid fragments 

40 according to the invention. 40 
The carriers suitable for filter reagents include various nitrocellulose filters (US-Patent No. 
4,358,535 and the British Patent Publication No. 2.095,833). The DDR-Patent Publication No. 
148,955 describes a method of binding nucleic acids chemically to the carrier (paper). 
, US-Patents Nos 4,359.535 and 4,302,204 describe chemically modified papers which can be 

45 used as solid carriers. Other alternatives include nylon membranes and modified nitrocellulose 45 
filters. But it is evident that there will be developed new materials which will be even more 
suitable for use as solid carriers according to the invention. It is, of course, possible to use also 
other solid carriers, such as various chromatography matrices such as triazine- or epoxy-activated 
cellulose, latex, etc. In principle, there are no other limitations to the selection of the solid carrier 

50 than those to be described below. It has to be possible to affix nucleic acid in a single-stranded 50 
form to the solid carrier so that these single-stranded nucleic acids can hybridize with the 
complementary nucleic acid. The solid carrier must also be easy to remove from the 
hybridization solution, or the hybridization solution must be easy to remove from the solid 
carrier. Also, the probe must not adhere to the carrier material itself so that it cannot be washed 

55 off. 55 
The above-described combinations of the arrays of nucleic acid reagent pairs A and B. or B 
and A, labeled and affixed to a solid carrier respectively, and from such nucleic acid pairs made 
for the identification of different nucleic acids it is possible to assemble a combination A, and B,. 
Ay and B^, A, and B,. 

60 These combinations can be used for the simultaneous identification of the nucleic acids, x, y 60 
and z by sandwich hybridization methods. 

The sample is treated in such a way that the nucleic acids are released into the hybridization 
solution, and they are rendered single-stranded. The hybridization is carried out in a hybridiza- 
tion solution, to which both the nucleic acid reagents affixed to a solid carrier and the labeled 

65 ones are added. When hybridization has taken place, the filters are lifted from the hybridization 6 5 
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5 by a scintillation counter or by a qammrcountJr F^r ^'^^"^P'e. by autoradiography 

takes place at a temperature of ofso'c but is aSvL/ The hybridization 

of 65-C. Sufficient hybridization may occSmh a verihfrf"' "''""^P'^' ^ ^^-^Perature 

hybridization periods of, for example 1 2-20 hours " advantageous to use 

bul^^tm^e ?h%"tLtic'S'i^etTntTfrd'^^^^ ^•^'^'^'^ ^ — r. 

hybridization solution. When the hSization h^ ? t "rr.er ,s first added to the 
second hybridization is carried out i^ wWch the fabele^^^ ''"."""^ """'"^ ^^^'^^d a 
The above-described labeled nuc eic acid r^^n^^ J ^"""^ '"9^"' Present. 

20 B.. B,. B.. etc.. can. of course be usTdln direcf hvbrrdi.^t'^'"' combination A.. A,. A,, etc.. and 

nucleic acid sample in a solution must be diSId t tch n-'^'^^^^^ '"'^ ' ^° 

Identified or, if the sample is affixed to a ^r^UrT^ ■ nucleic acid x, y and z to be 

be prepared for each sample T^^trmed a ay o7h;br1d^^ ""''^^^ '° ' — ' 

known per se. In Figs. 9 F reoresents th^ S ^Y^'"^^ ^^'3- 9) 's detected by methods 
25 identified, and v the^ector-de^ived paU The ?aC^^^^^^^^ ''T' '""^ ""^'^"^ '^'^ ^° ^e 

and b, (Fig. 9b). and a,, b., a,, b, 83 (Fig 9c) ^^'^"^ ""^^ ^" 83 (Fig. 9a). b, 25 

frot tr:?r^ayror*'udet?rcrd '1^^:^^°::::!:^^^^''' ^^^'^ -^^-^ -^de up 

these combinations to identify srve^SfSffer.m^"^ '° '^^^ /"^f^^'on- 't is possible by using 
30 acid fragments homologous to thrdt ferenT^ °' ""'^'e*- 

separate fragments in the rnixtures or foTned ,00^ Lr^^^^ identified can be used as 30 

Identifying several different nucleic acid ifob^ained NuH.V ^ "i^""^' 

carrier must, of course, be kept separate in oS^ f ^.^"^ reagents affixed to a solid 

Hybridization using arrayfof nude ^ac^d fraom^^^^^^ 'dent.f.cation to be successful. 
35 human, animal and plant pathogenic mSorqanTs^^^^ b7^^^ "'Ik "^^"''"^'"^ 

microorganisms present in foodstuffs such « ^? Tt- ^ method it is possible to identify 
cause food poisonings. The method Is su^ab^^ sa imonellae. staphylococci, which 

water, such as enterJbacteri^and tfe'o^^^J^^^ .dentif.cation of contaminants present in 



ithS^^^s^TpSbiSMori^^^^^^ is a quantitative 

This characteris^c is signi?iSt in'Vo'i' eV^npW^^^ ^0 
formation of a stable array of hybMdrrrqu^^e ,'hat the hoS^^ treatment of cance-r.-Thi — 
reagent and the filter reagent are located within ,U^h 7^ sequences of the probe 

distance from each other in thnample str^n^l^^^^^^^ ^ "^"^^^^^ (Kb). 

45 these two areas do occur, the change is S^rvoh^^rl^M ^'''^'J^^P^'^' »° «he distance between 
is also suitable for the detection of ?hangid mRNi chro^Lm^^^ ""^"^''^^^ "^^'^^^ 

rearrangement of immunoalobulin n^n^^lZ chromosomal rearrangements. -the 

possible^o constrrt^arious reaoent com^^^^ 1"^ hereditary diseases. It is thus 

For example, for the identified o the caus re%o°entr'f °! ^^'"'^ ^^'^ fragments. 
50 prepare kits which include a probe which con., I / venereal diseases it is possible to 

I identify gonorrhea, syphilis, h'^rpes anrchlamydlL T^^^^^ idlnrr ^"'^ '^^9"^«"'- -hich 50 
\ using separate filters for gonorrhoea. syphijL' 7e?"es and cMamydfa"" " '^'^ ''""'^'^ 

na:rpirsrc;s°pK?'^\1^0^S';;<?H1^^^^^^^ acid%;:g":^tt:- comprising the recombi- 

55 the plasmid vector pBR3 2 2. OWro" cJamJia l^^^r^'^'^f."* P'^smid pKTH 1 220 comprises, in 

Chlamydiae. This recombinant-pSirn-fSls do^^'^^^^ -s specific to the 55 

recombinant plasmid 1271 cor^pris^s in the nf.^^f^ . ' ff.o^Jf"''^'^ co//K12 HB101. The 
lovirus AD169. This recombi^anfSid ^ donpH . ^ °' P?"325. DNA from the cytomego- 
hosts containing the recombln^nl pLsmlds pK'THf22^^^^^^^ t!" ^^^ ^'^ 

60 the culture collection Deutsche Sammhmo V/i l PKTH1271 have been deposited at 

D-3400 Gottingen. West Ge^-anrThrLTH.'^'^^^^ Griesebachstrasse 8. 60 



D-3400 Gottingen. West Germany The nuTber of t^ Griesebachstrasse ! 

plasmid PKTH1220 is DSM2825 and the nCmhL If^K deposit containmg the recombinant 
plasmid PKTH1271 is DMsil2l TheXos^s w ifir^^^^^^^ recombinant 
application has been m;,H« „..i,if. . ^ °° ''^^'V available once the patent 
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not, however be understood as limiting the protective scope of the invention The structure nf 

Teu7sZL"o^^^^^^ V^'^il'' "'^^'^^ ^^^'^-^ is oi^rdelc addrrr:ed%ri^ 

eausn7^]^U ^Lk^Im! 7 K ^^'l '^^'^^ principles presented in the examples are 

R Iwu Jll TK ^PP''"^*^ "^^»^'<= 3C.ds Of animals (man included), plants and microbes or 

m.n !' . ? reagents according to the invention can be used to detect the nucleic acids of 
man, ammals plants, microbes and viruses. The arrays of nucleic acid fragments can be 
prepared synthetically, too The sequence of nucleic acids to be identified can be characterized 
and homologous arrays of fragments prepared by automatic nucleic acid preparation machines. 

10 Example 1 

l^K.A^'^'^^^^ "^^^^^^'^ ^^'^ ''^sgents from Chlamydia trachomatis and their preparation 
DNA fragments suitable for the diagnostics of the Chlamydia trachomatis group were prepared 
from the DNA of Chlamydia trachomatis serotype L2. The DNA was isolated and fragmented by 
known methods, and the resulting DNA fragments were cloned into the plasmid PBR322 and 

15 transferred to the host organism Escherichia coli K^2 HB101, by known methods. A gene bank 
ot the Chlamydia trachomatis L2 bacterium was obtained as a result of the cloning i e a large 
number of recombinant plasmids, each having a separate BamHI restriction fragment of DNA 
derived from chlamydiae. For reagent production, recombinant plasmids containing maximally 
large DNA inserts denved from chlamydial DNA were selected from the gene bank. One such 

20 plasmid is the one designed pKTH1220, which has been deposited at the culture collection 

Deutsche Sammlung von Microorganismen under the number (DSM 2825) and the suitability of 
"^t^i-vl*. oni!^.®,^^ ^ reagent was demonstrated by a direct hybridization test. The test showed that 
PKTH1220 Identified all of the nucleic acids derived from different Chlamydia trachomatis 
serotypes, but no other nucleic acids. 

25 The applicable fragments, obtainable by using different restriction enzymes, were selected 
from the pKTH 1 220-plasmid DNA, and some of these fragments were transferred by further 
cloning into pAT153 plasmid (Maniatis et al.. Molecular Cloning. A Laboratory Manual Cold 
Strmg Harbor Laboratory, p.6, 1982) and some to Ml 3 phage. Fig. 1 0 shows the recombinant 
plasmid pKTH1220, having a molecular length of 14 kb. In Fig. 10, BamHf, Sal! and Clal 

30 represent the restriction enzymes used, and a„ a^, b,, b^ and illustrate the size and mutual 
locations of the fragments produced with the aid of these restriction enzymes. The fragments 
belonging to the series b as labeled probes. Table 1 lists the sizes of the fragments and the 
vectors used for further cloning, the names of the recombinant plasmids, and their use. 

35 Table 7. 
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45 





Fragment 


Size 


a, 


Clal-Sall 


3.0kb 




Sall-Clal 


2.9kb 




Sall-BamHI 


0.7kb 




BamHI-Sall 


1.4kb 


ba 


Clal-Clal 


1.7kb 


b1-b2 


BamHI-BamHI 


2.1kb 



Vector 



Recombinant 
plasmid 



Use 



pAT153 
PAT153 
Ml 3mp8 
Ml 3mp8 
Ml 3mp8 
Ml 3mp8 



PKTH1252 

pKTH1250 

mKTHl242 

mKTH1239 

mKTH1248 

mKTH1245 



Filter 
Filter 

Labeled probe 
Labeled probe 
Labeled probe 
Labeled probe 
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The fragments listed in Table 1 were isolated from an agarose gel by electroelution and were 
cloned into the appropriate restriction enzyme identification sites of the vectors listed in Table 1 

50 by using known methods. ' 5q 

The fragment BamHI-BamHI 2.1kb was produced as follows; the fragments BamHI-Sall 
1.4kband Sall-BamHI 0.7kb of the plasmid pKTH 1220 were separated by gel electrophoresis 
in agarose gel, from which they vyere isolated. The purified fragments were joined to each other 
with the aid of T4 ligase enzyme, and of the 2.1kb DNA fragments produced in the reaction. 

55 those which had free ends which were identified by the BamHI enzyme were further joined to 5 5 
the BamHI restriction site of the double-stranded form of the M13mp8 phage DNA. Thus there 
was made a recombinant phage-DNA (mKTH1245) which contains Chlamydia trachomatis DNA 
comprising two separate DNA fragments which are not located adjacently in the genome. 
However, in the genome they are located adjacent to the DNA reagents pKTH1250 and 

60 pKTH1252 to be affixed to the filter (Fig. 11). Fig. 1 1 shows an array of sandwich hybrids 60 
which IS formed when the recombinant plasmids and recombinant phages listed in Table 1 are 
used as arrays of nucleic acid reagents. 

(b) Demonstration of the sensitivity of an array of nucleic acid reagents from Chlamydia 
65 trachomatis by using the sandwich hybridization method 6 5 
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The sensitivity of an array of nucleir . ' ' ~ 

reagent pair was studied by the sandlvht k '^o'^Pared with a single contin..^ 

and 20r.ln^/ ^?7:P°^'»'°"^ 4 X SSC. 0.02o/o Fico , 0 OlTn", ' ^o'ution having 

and 200 fig/m\ herring sperm DNA Tho ♦ir. 0 02% polyvinyl pyrrolidone O 2% <;nc: 



20 



25 



30 



Specimen 



wolecules/test b 



Hybridized radioactivity, 
witih (b) a,, the probe 



10" 
108 




37 


37 


33 


48 


44 


48 


226 


236 


232 



1475 1415 1456 



49 



93 

396 

2912 



39 



68 

416 

2637 



52 



140 

686 
3580 



35 b. 



40 



45 



380,000 cpm/test; 
340,000 cpm/test; 
350, 000 cpm/test; 
310,000 cpm/test: 
700,000 cpm/test; 
700,000 cpm/test; 



5 X 10 cpm/^gDNA 

4 X 107 cpm/pgDNA 

5 X 10^ cpm/pgDNA 
7 X 10 cpm/pgDNA 



50 



Statisticaliy calculated the 95% nr^r.r^ . 

1:^^'"^*^°"'^°'^^ -gardfd as t^e'lowe'Ti'^rtV"' '^'-^^ P^^'^^*"^^ -'^^-^ ^ sample 
cprn when the probe was b, b, or b 58 rrZ L P°S'tivity. These values were 52-54 

probe was b.-b,. and 65 c^m tvh^^^hf pX :as';;-brb'' ^^"^ " 

(c) c^^^ar,^^ ^^^^^^.^^ ^^^^^^ ^^^^^^^^^ ^^^^ ^ 

cerSTeVfefe-c/^S^^^^^^^^^ - C.^r.^.ircr^'^^'^'l- — n suffering fro. / 

55 urethral specimens and the female soecS^ .iC ?'"^"^ ^^^'^ '^olated from the ma?e 

itu'd^lT th °' ''■'""^^ P^"«"« ''P' ''--^^^^^^^^ ^ correspond- 

fmm J^^ specimens to be examined were ta^en 1 ,k ^"^'^ ^^"^ ^^^"^ 'solated. were 
imn^ersed in a chlamydia sample-takina Z.uV cotton-tipped swabs which were 

ny t':;;n''' ^ « ^ "/'^ 9e-?r;ir ' 1 SS',,^^ pHo^phate 

nystatin. ^ ^'n, ' uu /zg/ml vancomycin, and 25 lU/ml 

Chlamydia was rnltivyntow / t_ 

sandwich Hybridieatiorul1nVra;?aVo7Se1? ac^%°^^^ '^^^T'^^ ^'^ assayed by 

^ flX ""f 2-butanol to remove Luid fror^ ,hJm ^^""l"'^- ^'^^ specimens were concent 
c?"centra,ion for the^P^rinr.K^irTJ:': .^"'i^ ^^„^V'_that the final volume v^".s 



60 



tit* 
r » « 

f 

• • • * 



t t 
» I t 1 t t 
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nim in y . i / D jvi iNaUH. The boiled specimen was transferred to 0*C and neutralized with =>r. 
IxaTnll'ir^^'"' acetic acid and tested. The filters and hybrldizatton cond tlons d^^^^^^^ in 
Example lb were used m the test. The probe used was mKTH1245 (b,-b,) 300 000 cDm/400 
5 hybridization reaction. The results are shown in Table 3. "2;.. Juu,uuu cpm/400 

Table 3, 



10 



15 



Specimen 



Man 1. 
Man 2, 
20 Man 3. 
Man 4. 
Man 5, 
Man 6 . 

25 

Woman 1, 
Woma n 2 ♦ 
30 Woman 3. 
Woma n 4 • 
Woman 5. 
Woma n 6 . 



35 



Hybridized 
radioactivity 



Result of 
chlamydia culture 



Buffer, X, 



131 

164 

154 

61 

76 

55 

343 

509 

362 

57 

58 

81 

30-55 



+ 
+ 



+ 
+ 



10 



1 5 



20 



25 



30 



35 



40 CTil . trachomatis 
L2 bacterium, 10^ 



419 



40 



45 The limit for positivity in the tests was 104 cpm 

irl^^ "^^u/^ ? ^^J^^^ ^^^^ sandwich hybridization using an array of nucleic acid 

f agments ,s suitable for diagnosis venereal diseases. The samples which were negative in the 

culture tests were negative also in the sandwich hybridization test. 

50 Example 2. 

^^^r^sfrf''^^ nuc/e/c acid reagents from Cytomegalovirus and their preparation 

At^'^^T^^^^^^^ diagnostics of CytomegiT^virus were prepared from Cytomega- 

FcoRI f t ^^11^^:^?^"^' ^"^^ fragmented by known methods. 

EcoRI fragment I of about 9 kb, defined in Spector et al., J. Virol. 42. 558-582 1982 was 

l^n^r!? f^^'^^^' ^^l 9^er the EcoRI restriction fragments had been 55 

separated on the basis of their size. The eluted DNA was extracted with phenol, whereafter it 



. ... . w^i-* »vao cTAUd^ieu wiin pneno , wnereatter it 

P:i5'P'»ated w.th ethanol. The DNA thus purified was joined by means of ^A-ligase to the 
PBR325 plasm.d vector opened by using the EcoRI enzyme, and the produced recombinant- 
60 re^itrnTh ? hV'''^'' L° f .co// K1 2 HBl 01 host bacteria. From among ampicillin and tetracydin 
60 resistent but chloramphenicol sensitive clones there was selected one which contained a 

cytomegalovirus-specfic DNA insert of the correct size. The character of the cloned cytomeqalo- 
kL EroR.VNl f So"*^'^^" blot method. This test ensured that the descT^b?d 9 

kb EcoRI-DNA fragment was derived from the DNA of Cytomegalovirus and, more specificallv 
was mcluded ,n .ts Hindlll-D fragment (Oram et al.. J.Gen. Virol., 59. 1 1 1 ^1 2^1 9T2 The 
65 recombinant plasmid thus described was designated pKTH 1271, and it was deposited at the 



60 



65 





culture collection Deutschp ^nrrtrC^T 

m F,g. 12 were prepared by using The resSon en.vl. ^J^^V .^^ ""cleic acid fragments shown 
shows the fragments obtained by using tSTlstrictrn^T" P^tl. Fig. 12 

location. Table 4 lists the sizes of thl fr^n^LlT ■ e"^yf"es as well as their relative size ar^d 

10 °^ '"^^ '^^^ °btaini"fe^:m^inanTSsm,l T^"^^ "^^^ 

10 reagents or as labeled probes. Fio 13 shoJ^ n« » P'asmids. and their use either as filter 

When the array of nucleic acid ir!,rler^^sZ\Tl^^^^^^^^^ -hich is formld 

Table 4. - . 
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15 




Restriction 






EcoRI-PstI 






Clal-BamHi 




b, 


Pstl-PstI 


20 


bj 


Pstl-Clal 




b. 


BamHO-'EcoRI 



fragment Vector 



Designation 



use 



(3.3kb) 
(S.Okb) 
(0.6kb) 
(I.Okb) 
(1-Okb) 



pBR322 
PBR322 
Ml 3mp7 
Ml 3mp8 
Ml 3mp8 



PKTH1273 

PKTF1274 

mKTH1277 

mKTH1278 

mKTH1279 



Filter 
Filter 

Labeled probe 
Labeled probe 
Labeled probe 



(b) Demonstration of the sen*siti\ritxy r>f 

"'^^ continuous reagent 
DNA, which was boild in 0.17 M NaOH or R ?nZ^^ ^ specimen m the tests was CMV 

lb. Filters which all contained To^rn^Jn i ^u"^ thereafter neutralized as in examole 

DNA, rendered single-straTded andThe^^^^^ both pKTH 1 273(a,) DNA and pK^H 1 274(^^^^ 
mKTH1277(b,), mKTH 1 278(b;)^^^^^^ '^^^'^^ -^J listed'^in Table 4 ^ 

contamed 10« cpm/^g DNA^t hybddilation w^^^^^ ''''' P^^^^es each 

results are shown in Table 5. Vonaizat.on was earned out as described in Example lb. The 

35 Table 5. 



30 



10 



15 



20 



25 



30 



35 



40 



45 



Specimen 
molecules/ test 



10 

4x10^ 
50 7 
1.6xl0' 



Hybridized radioactivity, 
with (b) afi t>.o ^rny^^ 




35 


33 


38 


r 


4 5 


53 


38 


44 


46 


95 


125 


85 


135 


142 




205 


292 


203 


254 


265 




415 


645 



55 bl 
b2 
b3 

bl,b2 



310.000 cpm/test 
320,000 cpm/test 
3 00.000 cpm/test 
gQ — .-^ 300.000 cpm of each/test 

bl,b2,b3 300.000 cpm of each/test 



40 



45 



50 



55 



60 



10 
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hybridization with a reagent o"b b or b Y h P"^^ moleco es. On the other hand. 

CMV-DNA The results sh^vJ thl; " V ' ^«*«'=<s as few as 10= molecules of 

as individual nucleTc acidX^^^^ """" 



radioactivity 


Virus isolation 


3521 


Not done 


243 


CMV 


3215 


CMV 


52 


Not done 


535 


CMV 


68 


Not done 


65 


Not done 
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deLtS'cMit' diffe^^^^^ ^ - °^ "-leic acid reagents, to 

The test is specific to cytomeqalov ru?h^ nn?^f' '""9 biopsy specimens and cells, 

interfered by the human DNTD?esent in\hA^^^^ 'f^?"^"^ u"""^" not 
interfere with the spTcifity of te'^.t ?n any way ' °' 



10 



15 



' ' adi^;'to^ri o s^ur :Se^. wK'f.-ih^e t.^'ultj f?^m° " *^r- r ^ - 

SLTje^ir^oS^;?^?."^ 

min. whereafter the DNA solutlorwaHooled t^o Q-r and k -^.^ ^ 

20 The lung biopsy specimen fa few mmsTwil ° • ^^"^^^ *° hybridization solution. 

buffer containing 1 % IdTso ut on Tnn i ^^^'"'"^^d mechanically, with a knife. 200 ;xl of TE 20 
digestion was c7rr ed ouf at I 37 X ?or 1 h wh'S e^aft'/r^'h"''' """^^"^ ^^'^^^ ^° ^ 
injection syringe twice through Tthin hypoSeVS needl/ ^P"'^""^" t^^" '"to an 
was boiled, whereafter it was^dded to the teTso?ut^^^^ ^'"^ homogenized 

P Jt^^i^Kte^^^^^^^ b-o^ - - 

mK™iT7'7Tb?).'mK'?ml78^^^^^^^^^ and pKTHI 274(a,) on filters and 

other respects the h^-bridrzaSon ^\he washfn^^^^^ ^'t^ °° °°° ^P'^/^^ction. In 

30 carried out as described in Examp/e Tb ^ ^""^ °^ ^«^"'ts were 

The results of the present hybridization are shown in Table 6. 

Table 6. 



Hybridized 

Specimen radioactlvitv \/:r..e 35 



Infected cells (lO*) 
Urine 1(10 ml) 
40 Urine 2(10 ml) 

nne from a healthy 40 
person (10 ml) 
Lung biopsy specimen 
Control cells 1 0* 
45 No specimen 



45 
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CLAIMS 

acid U^^.iZl'"" I" they co„,p,ise o„ays of ,„e,n„i„g nucleic 55 

g n,s according to claim 1. 2. 3 or 4 characterized in that they comprise 6 5 
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1^' 

labeled arrays of nucleic acid frag^er^ts 



15 



20 



5 Ihe recomblrum plasmfd oCTm°7?n' » claims 1. 2. 3 or 4 characteriied in lh„ ,h., 

10 «-P'i« f/Te'^^r^'bS 3 4, 5 or 6 «Ha„c,e„.ed i„ ,h„ ..ey 

K 1 j'S?,"?? DNA of Cytom" gatoh's AD f 69 "lori: "j'"!,' 'e-ombinam 

-o c;.ims 2, 3, 4, a, 7 s ,0, .ha 

nuclaio acid reagents ara .aaemblad °om .f,Lfor »'""l>l» combina°icis of 

bybriii,a,ior,Ta,h'od'° SaSa'^^tj ,'",1"'' '<> claims 1, 2, 3 4 5 6 7 or R • , 

mafbods .,. demor,s,raXr.b'^^ ^n"„' ^Ve^// "'"'"^ -'a 'byb'rSi/a.S„ ! 

s,„dwicXbTdii:,rt,H»rc%^^^^^^^^^ ^- 3. 4. 5, 6, 7 or S in ^ 

rd'itrrpf.Va;:,?orf"''^^^^^^ '^'''^^ '-"-^^ 

2S 6, 7 or 8. charac.arijd inTa'^.Ta a,rlL"S5 ou^f' '".^f"" ''"'"'"^ "o "''"a 1 2 3 4 5 

'T3'"^Tmro*droXr.oT^^^^^^ ^""^'^^ 

nuclaic acid fragments comprises: in tbat the preparation of tfte arrays of 

W the .ragmematl If th?n„S acid's h "'" '"'"''''' 

f ;?;riSrort"b°;;ra;s'ftF='"^^^ 

(9) the fixatio? to a so«d car^^e? o7tha%Kr -"--^^^^^ "'Sn!-« belonging ,0 one series 
belonging to the other s.rt.s. ' »P='«» or fomed Sijleic acid fra|.!,en[s 

« '-n-'-'^SEsSHr """"" - ""'^ 

.=.^..;^.=.-,;,4,^^;^^^ described. 
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